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Abstract 

A search for a charged Higgs boson, decaying to a boson and a Z boson is presen¬ 
ted. The search is based on 20.3 fb”^ of proton-proton collision data at a center-of-mass 
energy of 8 TeV recorded with the ATLAS detector at the LHC. The H- boson is assumed 
to be produced via vector-boson fusion and the decays —> qq' and Z ^ e^e ~are 
considered. The search is performed in a range of charged Higgs boson masses from 200 
to 1000 GeV. No evidence for the production of an boson is observed. Upper limits of 
31-1020 fb at 95% CL are placed on the cross section for vector-boson fusion production of 
an H- boson times its branching fraction to W-Z. The limits are compared with predictions 
from the Georgi-Machacek Higgs Triplet Model. 
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After the discovery of a Higgs boson at the LHC in 2012 [1, 2], an important question now is whether 
the newly discovered particle is part of an extended scalar sector. The discovery of additional scalar or 
pseudoscalar bosons would provide spectacular evidence that this is the case. 

A charged Higgs boson, H-, appears in many models with an extended scalar sector such as the Two 
Higgs Doublet Model, where a second Higgs doublet is introduced [3], and the Higgs Triplet Models [4, 
5], where a triplet is added to the Higgs doublet of the Standard Model (SM). While H- T-v,cs,tb 
decays dominate in the Two Higgs Doublet Model at tree level, H- —> 1T“Z decays are allowed at loop 
level [6] and are predicted at tree level in Higgs Triplet Models. In the search presented in this Letter, 
the H- boson is assumed to couple to W- and Z bosons. In this case it is produced via vector-boson 
fusion (VBF), IT-Z ^ H-, at the LHC and decays to W-Z. The search is performed in the channel with 
subsequent decays of W- —> qq' and Z —> , over the H- mass range 200 < < 1000 GeV. The 

data are compared with the Georgi-Machacek Higgs Triplet Model (GMHTM) [4]. 

Searches at LEP have looked for pair-produced charged Higgs bosons [7]. Previous searches at the Tev- 
atron and LHC have looked for a charged Higgs boson produced in top quark decays or in associated 
production with a top quark [8-11]. Searches for a 1T“Z resonance have also been performed in non- 
Higgs-specific models [12-18], but this search is the first to look specifically for fhe VBF production 
mechanism. 

The dafa used in Ibis search were recorded wifh fhe ATLAS defector in profon-profon collisions af a 
cenfer-of-mass energy of = 8 TeV. In fhe ATLAS coordinafe sysfem, fhe polar angle 9 is measured 
wifh respecf to fhe LHC beam-line and fhe azimufhal angle <p is measured in fhe plane fransverse fo fhe 
beam-line. Pseudorapidify is defined as q = - lnfan(0/2). 

The ATLAS defector is described in defail elsewhere [19]. If consisfs of an inner fracking defecfor cov¬ 
ering the range \q\ < 2.5, surrounded by a superconducting solenoid providing a 2 T magnetic field, 
elecfromagnefic and hadronic calorimefers (|? 7 | < 4.9) and an exfemal muon specfromefer (|? 7 | < 2.7), 
consisting of fhree air-core toroidal magnefs, inferspersed wifh high precision fracking chambers. The 
infegrafed luminosify of fhe dafa sample, considering only dafa-faking periods where all relevanf defecfor 
subsystems were operational, is 20.3 ± 0.6 fb“^ [20]. The dafa were collected using a combination of 
single-elecfron, single-muon, elecfron-elecfron and muon-muon friggers. The higher level pj fhresholds 
for bofh elecfrons and muon friggers are 24 GeV for fhe single-lepfon friggers and 13 GeV for fhe dilepfon 
friggers. 

Monfe Carlo simulafed evenfs are used to esfimafe disfribufions of expecfed signal and background evenfs. 
Signal evenfs are generafed for a narrow-width H- boson produced via VBF with MADGRAPH5 [21] 
using CTEQ6F1 [22] parton distribution functions (PDFs). The parton showering is performed with 
PYTHIA8 [23, 24]. The dominant background is the production of Z bosons in association with jets, 
which is simulated with SHERPA [25] using CTIO PDFs [26]. Top quark pair, single top quark and 
diboson production are simulated with POWHEG [27-29] using CTEQ6F1 PDFs. 

All simulated samples are passed through the ATFAS GEANT4-based detector simulation [30, 31]. The 
simulated events are overlaid with additional minimum-bias events to account for the effect of multiple 
pp interactions (pile-up) occurring in the same and neighboring bunch crossings [32]. 

Electrons are identified for \q\ < 2.47 and pj > 1 GeV from energy clusters in fhe elecfromagnefic 
calorimefer fhaf are mafched fo fracks in fhe inner defecfor [33]. Qualify requiremenfs on fhe calorimefer 
clusfers and fracks are applied to reduce confaminafion from Jefs. The Jef background is further reduced by 
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applying isolation requirements that are based on tracking information within a cone around the electron 
candidate [34]. 

Muons are reconstructed in the muon spectrometer in the range \r]\ < 2.7 and p'l > 1 GeV [35]. For 
I 77 I < 2.5 the muon spectrometer track must be matched with a track in the inner detector and information 
from both is used to reconstruct the momentum. The muon candidates are required to pass isolation 
requirements similar to those for electrons. 

Jets are reconstructed using the anti-k, algorithm [36] with size parameter R = 0.4 and are restricted to 
It/I < 4.5 in order to fully contain each of the jets in the calorimeters. Those jets with \r]\ < 2.5, where 
there is good tracking coverage, are called central jets and are required to have pj > 20 GeV. Those jets 
with 2.5 < \t]\ < 4.5 are required to have pr > 30 GeV. Low-/tt central jets from pile-up are suppressed 
with the following requirement: for jets with \r]\ < 2.4 and pj < 50 GeV, tracks associated with the 
primary vertex must contribute over 50% to the scalar sum of the /tt of all the tracks associated with 
the jet. Jets originating from Zr-quark fragmentation are selected using a multivariate tagging algorithm 
(Zr-tagging) [37]. The Zr-tagging algorithm is only applied to central jets and its operating point is chosen 
such that the efficiency to select Zr-quark jets is approximately 70%. 

The magnitude of the missing transverse momentum is computed using fully calibrated electrons, 

muons, jets and calorimeter clusters not associated to other physics objects [38]. 

The Z —> decay is reconstructed from two electrons or two muons. In events with muons, where 

there is a very low charge misidentification probability, the leptons must be oppositely charged. In order 
to match the single-lepton trigger threshold and reduce the multijet background, tighter requirements are 
placed on one of the leptons. These requirements are that the lepton has pj > 25 GeV and, if it is a muon, 
is restricted to |?/| < 2.5. The mass of the Z boson candidate is reconstructed from the two leptons and 
must satisfy 83 < < 99 GeV. 

The VBF process generally contains two reconstructed jets, referred to as tag jets, with high \t]\ in opposite 
directions. The tag-jet selection begins by requiring two non-Zr-tagged jets in opposite hemispheres. If 
more than one such pair is found, the one with the highest invariant mass is selected. The tag-jet pair 
must have an invariant mass greater than 500 GeV and IAt/I > 4. 

Once a tag-jet pair has been identified, the W- —> qq' decay is reconstructed from the two highest-px 
remaining central jets. These jets are referred to as signal jets. In order to reduce the Z-i-jets background, 
at least one signal jet is required to have px > 45 GeV. A cut on the dijet invariant mass of 60 < mjj < 

95 GeV, consistent with the W- mass, is made. 

Background from top quark production is reduced by rejecting events with two or more fr-tagged jets and 
requiring the significance < 6 GeV°-^, where T/x is the scalar sum of the transverse 

momenta of all jets and leptons in the event. 

The invariant mass of the two leptons and two signal jets mujj is used to reconstruct the charged Higgs 
boson mass, The resolution is improved by using the IT- mass [39], mw = 80.4 GeV, as a constraint 
by scaling the energy of each jet by mvx/wjjy. The resulting experimental resolution on mujj, determined 
from simulation, is on average 2.4% and is approximately independent of mujj over the range of the 
analysis. 

In order to reduce the Z-i-jets background, cuts are imposed on the transverse momentum and azimuthal 
angular separation of the lepton pair: p^^ > min[0.46m^fp—54GeV, 275GeV] and A0f^ < \+{210G&V Imajj)^-^, 
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and also on the transverse momentum of the signal jets These cuts depend on the recon¬ 

structed charged Higgs boson mass since the decay products of the W- and Z bosons in signal events tend 
to be at higher transverse momentum and more collimated as majj increases. The cut values were chosen 
which maximized the sensitivity of the analysis. 

After all cuts, a total of 506 data events are selected. The efficiency of the signal selection is 5% for a 
narrow width H- at = 200 GeV, rising to a maximum of 9% at mn* = 600 GeV. The efficiency rises 
with increasing because the W and Z bosons receive a higher transverse boost, so less events fail the 
minimum transverse momentum requirements on the leptons and jets. The efficiency falls to 2% at 1 TeV 
since the products from the W decay begin to overlap to form a single jet. 

The dominant background after all cuts is Z-i-jets. Other smaller backgrounds that are taken into account 
are top pair production, single top production, diboson production and multijet background. The shapes of 
all backgrounds are determined from simulation, apart from the multijet background, which is estimated 
from data. 

In the electron channel, the multijet background is determined by selecting a sample of events with a re¬ 
versed isolation requirement on the electron. This is normalized by performing a fit to the ma distribution 
of the data, with the normalizations of the multijet background and of a template made from the sum of 
the remaining backgrounds left as free parameters. The systematic error on the multijet normalization is 
evaluated to be 50%. It is determined by looking at the difference in scale facfors obfained for a sample 
of evenfs wifh eifher fwo or fhree cenfral jefs. The mulfijef background in fhe muon channel is found fo 
be negligible. 

The normalizafion of fhe Z-i-jefs background is defermined from fhe signal region by leaving if as a free 
paramefer of fhe profile likelihood fif as discussed below. The confribufion fo fhe expecfed number of 
evenfs in fhe signal region due fo fop quark producfion is consfrained by comparing fhe observed and 
expecfed yields in a confrol region enriched in fop quark pairs. This confrol region is defined by selecting 
evenfs wifh fhe same cufs as fhose for fhe signal region buf wifh an elecfron and a muon, rafher fhan 
fwo same-flavor leptons, and fwo f^-fagged jefs wifh 50 < nijj < 180 GeV replacing fhe cenfral-jef 
requiremenfs. A fofal of 261 dafa evenfs are selecfed. The ofher backgrounds, diboson and single lop 
quark production, are normalized according fo fhe fheory cross secfion calculafed af nexl-lo-leading order 
as listed in Ref. [34]. 

The largesl syslemafic uncerlainlies arise from fhe signal accepfance modeling, fhe normalizafion and 
modeling of fhe Z-i-jels/fop backgrounds and from fhe jel energy scale. 

The jel energy scale syslemafic uncerfainfy arises from several sources including uncerfainfies from fhe 
in-silu calibralion, pile-up-dependenl correclions and fhe jef flavor composifion [32]. A syslemafic error 
on fhe jel energy resolufion is also included. These uncerfainfies are propagated fo fhe which also 
has a confribufion from hadronic energy lhaf is nof included in jefs [38]. The uncerfainfy in fhe pile- 
up is accounled for by varying fhe cuf againsl pile-up jefs and varying fhe assumed number of pile-up 
inferaclions in fhe simulated evenfs. The f?-lagging efficiency uncerfainfy is dependenl on jel pj and 
comes mainly from fhe uncertainly on fhe measuremenl of fhe efficiency in fop quark pair evenfs [37]. 
Ofher experimenlal syslemafic uncerfainfies lhaf are included arise from fhe lepton energy scale, leplon 
idenlificafion efficiency and fhe uncerfainfy on fhe mulfijef background prediclion. 

In addifion fo fhe experimenlal syslemafic uncerlainlies, modeling syslemafic uncerfainfies are included 
fo accounl for possible differences belween fhe dafa and fhe simulalion model lhaf is used for each back¬ 
ground process, following closely fhe procedure described in Ref. [34]. The Z-i-jels background includes 
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uncertainties on the relative fractions of the different flavor components, the shape of distributions of mjj, 
the azimuthal separation of the central jet pair and the transverse momentum of the lepton pair. For top 
quark pair production, uncertainties on the top quark transverse momentum and nijj distributions are in¬ 
cluded. Uncertainties on the ratio of the numbers of events containing two and three reconstructed signal 
jets are also included for each background. 

Modeling uncertainties on the signal acceptance are taken into account by varying the factorization and 
normalization scale up and down by a factor of two, varying the amount of initial- and final-state radiation 
and comparing the default CTEQ6L1 PDFs to MSTW20081o68cl [40] and NNPDF21_lo_as_0119_100 [41] 
PDFs. The combined signal acceptance uncertainty is ~ 10% and approximately constant with n 2 //+. 

The contribution of the various sources of uncertainty for an example production scenario is given in 
Table 1. 


Source of uncertainty 

Impact (%) 

Total 

20 

Statistical 

14 

Systematic 

14 

Experimental Uncertainties 


8.8 

Luminosity 

2.8 

Leptons 

0.9 

b-tagging 

0.2 

Theoretical and Modeling Uncertainties 

Signal 

10 

Top 

3.8 

Z-i-jets 

3.7 

Multijet 

0.1 


Table 1; The percentage impact of the various sources of uncertainty on the expected production cross section 
for nil]* - 400 GeV and cr x BRiH"^ —> W^T) - 1 pb. 

The data are compared with the SM expectation in Fig. 1. The expectation is determined with a profile 
likelihood fit [42] using the modified frequentist method, also known as CLg [43] . The fit is performed on 
the miijj mass distribution in the signal region and the number of events in the top quark control region. 
No significant excess of events is observed in the data compared with the SM expectation. 

Figure 2 shows the exclusion limits at the 95% confidence level (CL) on the VBF production cross section 
times the branching fraction BR(//- —> IP-Z) as a function of m//±, assuming the signal has a small 
intrinsic width, i.e. much smaller than the experimental resolution. The observed limits range from 31 fb 
at = 650 GeV to 1020 fb at = 220 GeV; the corresponding expected limits are 55 fb and 719 fb, 
respectively. The observed limits are better for masses less than around 800 GeV than those obtained the 
inclusive ATLAS VTZ resonance search, presented in Ref. [17], by up to a factor of six. 

The exclusion limits are compared with predicted charged Higgs boson production cross sections in the 
GMHTM [44], calculated at = 8 TeV [45]. In this model, the quantity is a free parameter that 
represents the fraction of the square of the gauge boson masses and m| that is generated by the 
vacuum expectation value of the triplet, while 1 - represents the fraction generated by the SM Higgs 
doublet. The production cross section and H- width are proportional to 5^. The branching fraction of 
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Figure 1: The nitfjj distribution for data and the expected SM background. The hashed band indicates the post-fit 
systematic uncertainty. Included in the plot is an example signal sample with mn* - 400 GeV, which has been 
plotted with a cross section times branching fraction, crxBR(//'^ —> W^Z) = 1 pb for illustration. No data events 
are observed for values of mujj > 600 GeV. 


H- W-Z is expected to be very high above the W-Z threshold, so for simplicity it is set to one. 
For this comparison a nonzero intrinsic H- width must be taken into account. This is done by smearing 
the signal mggjj distributions with a relativistic Breit-Wigner distribution with a width as calculated in 
Ref. [45]. The fractional width r//±/m//± for sh = ^ increases from 0.2% at = 200 GeV to 31% at 
= 1000 GeV. Comparisons with the GMHTM are only shown for < 0.15, since higher 

values may violate perturbative unitarity of the W-Z W-Z scattering amplitudes. As shown in Fig. 3, 
the data exclude a charged Higgs boson over the range 240 < < 700 GeV for 5// = 1, with weaker 

limits for smaller values of sh- 
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Figure 2: Exclusion limits in fb at the 95% CL for the vector-boson fusion production cross section of a //* boson 
times its branching fraction to assuming the signal has a narrow intrinsic width. Also included on the plot are 
the median, +\cr and +2cr values within which the limit is expected to lie in the absence of a signal. 
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Figure 3: Exclusion limits at the 95% CL for sh versus in the Georgi-Machacek Higgs Triplet Model. Also 
included on the plot are the median, +lcr and +2cr values within which the limit is expected to lie in the absence of 
a signal. 
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In conclusion, data recorded by the ATLAS experiment at the LHC, corresponding to an integrated lu¬ 
minosity of 20.3 fb“^ at a center-of-mass energy of 8 TeV, have been used to search for a charged Higgs 
boson, produced via vector-boson fusion and decaying to IT-Z, over the charged Higgs boson mass range 
200-1000 GeV. This is the first search for this process. No deviation from the SM background prediction 
is observed. Upper limits at the 95% confidence level on the cross section of a VBF-produced H- boson 
times its branching fraction to IT-Z are set between 31 and 1020 fb for a narrow IT-Z resonance. The 
data exclude a charged Higgs boson in the range 240 < < 700 GeV within the Georgi-Machacek 

Higgs Triplet Model with parameter 5// = 1 and 100% branching fraction of —> W-Z. 
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A. AmorimS. Amoroso^^, N. Amram'^^, G. Amundsen^^, C. Anastopoulos^^^, L.S. Ancu^^, 

N. Andari^*^, T. Andeen^^, C.F. Anders^*'’, G. Anders^*’, J.K. Anders^^, K.J. Anderson^h 

A. Andreazza^^®’^^’’, V. Andrei^*^, S. Angelidakis^, I. Angelozzi^*’^, R. Anger^^, A. Angerami^^, 

F. Anghinolfi^*’, A.V. Anisenkov^*’^’^, N. Anjos^^, A. Annovi*^^^’^^^*’, M. Antonelli^^, A. Antonov^^, 

J. Antos^^^*’, F. Anulli^^^^, M. Aoki^^, L. Aperio Bella*^, G. Arabidze^*’, Y. Arai^^, J.R Araque^^^^*, 
A.T.H. Aree^^, FA. Arduh^\ J-F. Arguin^^, S. Argyropoulos^^, M. Arik^^®, A.J. Armbruster^*^, 

O. Arnaez^*^, V. Arnal^^, H. Arnold^^, M. Arratia^^, O. Arslan^', A. Artamonov^^, G. Artoni^^, 

S. Asai^^^, N. Asbah^^, A. Ashkenazi^^^, B. Asman^^^^’^^^'’, L. Asquith^^^, K. Assamagan^^, 

R. Astalos^^^®, M. Atkinson^^^, N.B. Atlay^^\ B. Auerbach^, K. Augsten^^*, M. Aurousseau^^^'’, 

G. Avolio^°, B. Axen^^, M.K. Ayoub^^^, G. Azuelos^^’^, M.A. Baak^*^, A.E. Baas^^®, C. Bacci'^^®’*^^*’, 

H. Bachaeou^^^, K. Baehas^^"^, M. Baekes^®, M. Backhaus^°, E. Badescu^^^*, R. Bagiaeehi^^^‘*’'^^'’, 

R. Bagnaia^^^^’^^^'’, Y. Bai^^^, T. Bain^^, J.T. Baines^^^ O.K. Baker^^^, R. Balek^^^, T. Balestri^^^, 

E. Balli^^, E. Banas^^, Sw. Banerjee^^^, A.A.E. Bannoura^^^, H.S. Bansih^, E. Barak^*^, S.R. Baranov^^, 
E.E. Barberio^^, D. Barberis^*’^*’^®'’, M. Barbero^^, T. Barillari^*’^ M. Barisonzi^^"^®’^^'^*’, T. Barklow^"^^, 

N. Barlow^^, S.E. Barnes^^, B.M. Barnett^^', R.M. Barnett'^, Z. Barnovska^, A. Baroncelli^^^^*, 

G. Barone^^, A.J. Barr^^°, E. Barreiro^^, J. Barreiro Guimaraes da Costa^^, R. Bartoldus^^^, 

A.E. Barton^^, R. Bartos^^^^, A. Bassalat^*^, A. Basye^^^, R.E. Bates^^, S.J. Batista^^*, J.R. Batley^*, 

M. Battaglia^^^, M. Bauee^^^‘*’^^^’’, E. Bauer^^^, H.S. Bawa^"^^’^, J.B. Beaebam^^h M.D. Beattie^^, 

T. Beau^°, RH. Beauchemin^^b R. Beccherle^^^®’^^^*’, R. Beehtle^^, H.R Beek^^’^, K. Beeker^^°, 

M. Beeker^^, S. Beeker^°*’, M. Beekingham^™, C. Beeot^^’, A.J. Beddalh^'^, A. Beddalh^^^, 

V.A. Bednyakov^^, C.R Bee^^^, E.J. Beemster^*’^, T.A. Beermann^^^, M. Begel^^, J.K. Behr^^*^, 

C. Belanger-Champagne^’, RJ. Bell^^, W.H. Belh^, G. Bella^^^, E. Bellagamba^*’‘*, A. Bellerive^^, 

M. Bellomo^^, K. Belotskiy^*, O. Beltramello^*^, O. Benary^^^, D. Benchekroun^^^^, M. Bender^°°, 

K. Bendtz'^^®’^^^*’, N. Benekos^*^, Y. Benhammou^^^, E. Benhar Noeeioli^^, J.A. Benitez Garcia'^^’’, 

D. R Benjamin^^, J.R. Bensinger^^, S. Bentvelsen^°^, E. Beresford^^°, M. Beretta'*^, D. Berge^*’^, 

E. Bergeaas Kuutmann^^^, N. Berger^, E. Berghaus^^^, J. Beringer^^, C. Bernard^^, N.R. Bernard^^, 

C. Bernius'^*^, E.U. Bernlochner^b T. Berry^^, R. Berta^^^, C. Bertella^^, G. Bertoli^^^^’^^^'’, 

E. Bertolucci^^^^’^^^’’, C. Bertsehe^^^, D. Bertsche^^^, M.I. Besana^^^*, G.J. Besjes^°^, 

O. Bessidskaia Bylund'^^®’^^^*’, M. Bessner^^, N. Besson'^^, C. Betaneourt^^, S. Bethke^°\ 

A.J. Bevan^^, W. Bhimji^^, R.M. Bianchi^^^, E. Bianehini^^, M. Bianeo^*’, O. Biebeh®*’, S.R. BienieC^, 
M. Biglietti^^^^, J. Bilbao De Mendizabah^, H. Bilokon^^, M. Bindi^^, S. Binet^'^, A. Binguh^‘^, 

C. Binii32ad32b^ Blacki^o, J.E. Black^^^ K.M. Black22, D. Blackburni^s, R.E. Blair^, 

J.-B. Blanchard^^®, J.E. Blaneo^^, T. Blazek^^^®, I. Bloeh^^, C. Bloeker^^, W. Blum*^ *, 

U. Blumensehein^^, G.J. Bobbink^*^’^ V.S. Bobrovnikov^^^ *^, S.S. Boeehetta^^ A. Boeei^^, C. Boek^®*’, 
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M. Boehler^^, J.A. Bogaerts^®, A.G. Bogdanchikov^°^, C. Bohm^^®^, V. Boisvert^^, T. Bold^*^, 

V. Boldea^^^, A.S. Boldyrev^^, M. Bomben^°, M. Bona^^, M. Boonekamp^^^, A. Borisov^^°, 

G. Borissov^^, S. Borroni^^, J. Bortfeldt^°°, V. Bortolotto^°^’^‘^’’’^°‘^, K. Bos^°^, D. Boscherini^*’^, 

M. Bosman^^, J. Boudreau'^^, J. Bouffard^, E.V. Bouhova-Thacker’^, D. Boumediene^^, 

C. Bourdarios^^’, N. Bousson^^^, A. Boveia^*’, J. Boyd^°, I.R. Boyko^^, I. Bozic^^, J. Bracinik^*, 

A. Brandt^, G. Brandt^^, O. Brandt^^^*, U. Bratzler^^^, B. Brau^^, J.E. Brau^'^, H.M. Braun^^^’*, 

S.E Brazzale^^^^’^^^‘^, K. Brendlinger^^^, AJ. Brennan^^, E. Brenner^*^’, R. Brenner^^^, S. Bressler^^^, 

K. Bristow^^^^^, T.M. Bristow^^, D. Britton^^, D. Britzger^^, EM. Brochu^^, L Brock^^, R. Brock^*’, 

J. Bronner^*’^, G. Brooijmans^^, T. Brooks’^, W.K. Brooks^^'’, J. Brosamer^^, E. Brost^^^, J. Brown^^, 
RA. Bruckman de Renstrom^^, D. Bruncko^^^'’, R. Bruneliere^*, A. Bruni^®^, G. Bruni^°^, 

M. Bruschi^®^, E. Bryngemark^\ T. Buanes^^, Q. Buat^^^, P. Buchholz^^\ A.G. Buckley^^, S.E Buda^^®, 
LA. Budagov^^, E. Buehrer^^, E. Bugge^*^, M.K. Bugge^^^, O. Bulekov^^, H. Burckhart^°, S. Burdin^^, 

B. Burghgrave^*’*, S. Burke^^^, I. Burmeister"*^, E. Busato^^, D. Biischer^^, V. Biischer^^, P. Bussey^^, 

C. P Buszello^^*’, J.M. Butler^^, A.I. Butt^, C.M. Buttar^^, J.M. Butterworth"^^, P. Butti^®"^, 

W. Buttinger^^, A. Buzatu^^, R. Buzykaev^*’^’'^, S. Cabrera Urban^^^, D. Caforio^^^, V.M. Cairo^^®’^^’’, 

O. Cakir^^ P. Calafiura'^ A. Calandri'^^, G. Calderini^°, P. Calfayanio°, E.P Caloba24^ D. Calvet^^, 

S. Calvet^^, R. Camacho Toro^^, S. Camarda^^, P. Camarri^^^^’^^^'’, D. Cameron^E.M. Caminada^^, 

R. Caminal Armadans^^, S. Campana^®, M. Campanelli^*, A. Campoverde^^^, V. Canale^°^‘*’^°^’’, 

A. Canepa^^^^, M. Cano Bret^^, J. Cantero^^, R. Cantrill'^^®, T. Cao^*’, M.D.M. Capeans Garrido^*^, 

I. Caprini26^ M. Caprini^^^ M. Capua^’^’^Tb^ Caputo^^ R. Cardarellii33a, t. Carli^o, G. Carlinol°'‘^ 

E. Carminati^^^’^^*’, S. Caron^*’^, E. Carquin^^®, G.D. Carrillo-Montoya^, J.R. Carter^*, 

J. Carvalho^^®^’^^^‘^, D. Casadei^*, M.P Casado^^, M. Casolino^^, E. Castaneda-Miranda'^^’’, 

A. Castelli^*’^, V. Castillo Gimenez^^^, N.E Castro^^®^*’^, P. Catastini^^, A. Catinaccio^*^, J.R. Catmore^^^, 

A. Cattai3'3, J. Caudron^3^ V. Cavaliere^^^^ P) Cavalli^^^, M. Cavalli-Sforza^^, V. Cavasinni^^^^’^^^’’, 

E. Ceradini^^^^’^34b^ g Gerio^^, K. Cerny^^^, A.S. Cerqueira^"^^, A. Cerri^^^, E. Cerrito’^, E. Cerutti^^, 
M. Cerv3°, A. Cervelli^^, S.A. Cetin^^'’, A. Chafaq^35a^ pj Chakraborty^°^, I. Chalupkova^^^, 

P Chang^^^, B. Chapleau^^, J.D. Chapman^*, D.G. Charlton^*, C.C. Chau'^^, C.A. Chavez Barajas^^^, 

S. Cheatham^32^ ^ Chegwidden^°, S. Chekanov^, S.V. Chekulaev’^^®, G.A. Chelkov^^.^^ 

M.A. Chelstowska*^ C. Chen^^ H. Chen^^, K. Cheni^^ E. Chen^^d.', s. Chen^^^ X. Chen^^f, 

Y. Chen^’, H.C. Cheng^^, Y. Cheng^^, A. Cheplakov^^^ p; Cheremushkina*30^ 

R. Cherkaoui El Moursli'^^®, V. Chernyatin^^’*, E. Cheu^, E. Chevalier^^^, V. Chiarella^’, J.T. Childers^, 
G. Chiodini^ 3 a^ ^ 3 Chisholmi^ R.T. Chislett^^ A. Chitan^^^ M.V. Chizhov 6 ^ K. Choi^i, 

S. Chouridou^, B.K.B. Chow^*’°, V. Christodoulou^^, D. Chromek-Burckhart^*’, M.E. Chu^^^, 

J. Chudobai27^ ^ j chuinard^^ J.J. Chwastowski^^, E. Chytka“^ G. Ciapetti 122 ^. 1 32b ^ ^ Ciftci4^ 

D. Cinca^3^ V. Cindro^^, PA. Cioara2', A. Ciocio^^^ z.H. Citron' 22 ^ M. Ciubancan^®^*, A. Clark^^, 

B. E. Clark52, p j ciark^e^ R.N. Clarke^^ W. Cleland^^s^ p. Clementl^*^^’l4‘’^ Y. Coadou^^ 

M. Cobali64a,i64c^ ^ Coccaroi38, J. Cochran^^, E. CofFey23, J.G. Cogan^43^ g Cole35, S. Cole^o^ 

A. P Colijn^°2, J. Collot^^, T. Colombo^*^^, G. Compostella^®^ P. Conde Muino^^^^’^^^'’, E. Coniavitis"^*, 

S. H. Connell^^^*’, I.A. Connelly’^, S.M. Consonni^^‘*’^^'’, V. Consorti^^, S. Constantinescu^^^*, 

C. Contai2i‘id2ib^ Q Conti^o, E. Conventiio^^’^', m. Cooke^^ B.D. Cooper’^ A.M. Cooper-Sarkar^^o^ 

T. Cornelissen^25^ ]y[ Corradi^*’^, E. Corriveau*’,^:^ A. Corso-Radu^^3^ A. Cortes-Gonzalez^^, 

G. Cortiana^oi, q Costa‘’l^ M.J. Costa^*^’^ p, Costanzoi39, d. C6 te^ G. Cottin^^ G. Cowan^^, 

B. E. Cox^^, K. Cranmer^^*’, G. Cree^^, S. Crepe-Renaudin^^, E. Crescioli^*^, W.A. Cribbs^^®^’^^^'’, 

M. Crispin Ortuzar^^*^, M. Cristinziani^\ V. Croft^°^, G. Crosetti^2a,37b^ p Cuhadar Donszelmann*39^ 

J. Cummings^^®, M. Curatolo^^^ G. Cuthbert^^°, H. Czirr^"*\ P. Czodrowski^, S. D’Auria^^, 

M. D’Onofrio^^, M.J. Da Cunha Sargedas De Sousa^ 26 a,i 26 b^ P pj^ Via^^, W. Dabrowski3^^, 

A. Dalinca^^°, T. Dai^^, O. Dale^"^, E Dallaire^^, C. Dallapiccola^^, M. Dam3^, J.R. Dandoy^^ 
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N.P. Dang^*, A.C. Daniells^^, M. Danninger^^^, M. Dano Hoffmann^^^, V. Dao^*, G. Darbo^°®, 

S. Darmora^, J. Dassoulas^, A. Dattagupta^^, W. Davey^^, C. David*^^, T. Davidek^^^, E. Davies^^*^’^, 

M. Davies^^^, P. Davison^*, Y. Davygora^^^, E. Dawe^^, L Dawson^^^, R.K. Daya-Ishmukhametova^®, 

K. De^, R. de Asmundis^^^^*, S. De Castro^'^®’^*’’’, S. De Cecco^*^, N. De Groot^°^, P de Jong^°^, 

H. De la Torre^^, E. De Eorenzi^^, E. De Nooij^'^’, D. De Pedis^^^^, A. De Salvo^^^^, U. De Sanetis'^^, 

A. De Santo'^^, J.B. De Vivie De Regie^^^, WJ. Dearnaley^^, R. Debbe^^, C. Debenedetti^^^, 

D. V. Dedovieh^^, I. Deigaard^*^^, J. Del Peso^^, T. Del Prete^^^‘‘’'^^’’, D. Delgove^'^, E. Deliot^^^, 

C. M. Delitzseh^^, M. Deliyergiyev^^, A. Dell’Aequa^^, E. Dell’Asta^^, M. Dell’Orso^^^^’^^^'’, 

M. Della Pietra^*’^^’-^, D. della Volpe^^, M. Delmastro^, PA. Delsart^^, C. Deluea^°^, D.A. DeMareo^^^, 
S. Demers^^^, M. Demiehev^^, A. Demilly^*’, S.P Denisov^^*’, D. Derendarz^^, J.E. Derkaoui^^^‘*, 

E. Derue^*’, P Dervan^^, K. Deseh^\ C. Deterre^^, PO. Deviveiros^*’, A. Dewhurst^^\ S. Dhaliwal^*^^, 

A. Di Ciaeeio'^^^’^^^*’, E. Di Ciaeeio^, A. Di Domenieo^^^®’^^^*’, C. Di Donato^°‘^‘‘’^°^’’, A. Di Girolamo^*^, 

B. Di Girolamo^'^, A. Di Mattia^^^, B. Di Mieeo^^^^’^^^'’, R. Di Nardo^^, A. Di Simone^^, R. Di Sipio^^^, 

D. Di Valentino^^, C. Diaeonu^^, M. Diamond^^^, EA. Dias"^^, M.A. Diaz^^^, E.B. Diehl^^, J. Dietrieh^^, 
S. Diglio*^, A. Dimitrievska^^, J. Dingfelder^^, E. Dittus^*^, E Djama^^, T. Djobava^^'’, J.I. Djuvsland^^®, 
M.A.B. do Vale^^‘^, D. Dobos^°, M. Dobre^^^*, C. Doglioni^^, T. Dohmae^^^, J. Dolejsi*^^, Z. Dolezal^^^, 

B. A. Dolgoshein^^’*, M. Donadelli^^'^, S. Donati^^^‘*’^^^’’, P Dondero^^^‘‘’^^^’’, J. Donini^^, J. Dopke^^^, 

A. Doria^**^^, M.T. Dova^\ A.T. Doyle^^, E. Dreehsler^^, M. Dris^°, E. Dubreuil^^, E. Duehovni^^^, 

G. Duekeek^®*’, O.A. Dueu^®^’^^, D. Duda^^^, A. Dudarev^*’, E. Duliot^^’, E. Duguid^^, M. Diihrssen^*’, 
M. Dunford^^^*, H. Duran Yildiz^®, M. Duren^^, A. Durglishvili^^’’, D. Dusehinger^^, M. Dyndal^*^, 

C. Eekardt'^^, K.M. Eeker'*’^, R.C. Edgar^^, W. Edson^, N.C. Edwards^^, W. Ehrenfeld^^, T. Eifert^*’, 

G. Eigen^^, K. Einsweiler^^, T. Ekelof'^^, M. El Kaeimi^^^'^, M. Ellert^^^, S. Elles^, E. Ellinghaus^^, 

A. A. Elliot^®, N. Ellis^*’, J. Elmsheuser^®*’, M. Elsing^°, D. Emeliyanov^^\ Y Enari^^^, O.C. Endner*^, 
M. Endo^^^, R. Engelmann^^^, J. Erdmann^^, A. Ereditato^^, G. Ernis^^^, J. Ernst^, M. Ernst^^, 

S. Errede^^^, E. Ertel^^, M. Esealier^^^, H. Eseh^^, C. Eseobar^^^, B. Esposito^^, A.I. Etienvre^^^, 

E. Etzion^^^, H. Evans^^, A. Ezhilov^^^, E. Eabbri^°^’^‘”’, G. Eaeini^^, R.M. Eakhrutdinov^^®, 

S. Ealeiano^^^^, R.J. Ealla^*, J. Ealtova^^^, Y Eang^^^, M. Eanti^^®’^^'’, A. Earbin^, A. Earilla^^^®, 

T. Earooque^^, S. Earrell^^, S.M. Earrington^’*’, P Earthouat^^, E Eassi^^^®, P Eassnaeht^*^, 

D. Eassouliotis^, M. Eaueei Giannelli^^, A. Pavareto^°^’^°'’, E. Eayard^^^, P Eederie^^^®, O.E. Eedin^^^’'”, 
W. Eedorko^^^, S. Peigl^°, E. Eeligioni*^, C. Eeng^^‘^, E.J. Eeng^, H. Eeng*^, A.B. Eenyuk^^*^, 

P Eernandez MartinezS. Eernandez Perez^*^, S. Eerrag^^, J. Eerrando^^, A. Eerrari^^^, P Eerrari^^^, 

R. Eerrari^^^^*, D.E. Eerreira de Eima^^, A. Eerrer^^^, D. Eerrere^^, C. Eerretti^^, A. Eerretto Parodi^'^®’^*’’’, 
M. Eiasearis^^ E Eiedler^^, A. Eilipcic^^, M. Eilipuzzi^^, E. Eilthaut^*^^, M. Eineke-Keeler^^^, 

K.D. Einelli'^*^, M.C.N. Eiolhais^^^^*’^^^^^, E. Eiorini^^’, A. Eiran^*’, A. Eiseher^, C. Eiseher^^, 

J. Eiseher^^^, W.C. Eisher^°, E.A. Eitzgerald^^, M. Eleehl^^, I. Eleek^^', P Eleisehmann*^, 

S. Eleisehmann^^^, G.T. Eleteher^^^, G. Eleteher^^, T. Eliek^^^, A. Eloderus*^, E.R. Elores Castillo^°®, 
M.J. Elowerdew^*’^, A. Eormiea^^^, A. Eorti*^, D. Eournier^^^, H. Eox^^, S. Eraeehia^^, P Eraneavilla^*’, 
M. Eranehini^*’^’^®'’, D. Eraneis^°, E. Eraneoni^^^, M. Eranklin^’, M. Eraternali^^^®’*^^*’, D. Ereeborn’^, 
S.T. Ereneh^^, E. Eriedrieh^^, D. Eroidevaux^*’, J.A. Erost'^**, C. Eukunaga^^^, E. Eullana Torregrosa*^, 

B. G. Eulsomi43, j. Euster^'’^ C. Gabaldon^^ O. Gabizon^^^ A. Gabrielli^o^’^Ob^ ^ Gabriellii32a,i32b^ 

S. Gadatseh^*^^^ S Gadomski^^, G. Gagliardi^*^®’^*^’’, P Gagnon^^, C. Galea^°^, B. Galhardo^^^®’'^^^^, 

E. J. Gallas^^o^ g j Qallop^^i^ p Gallusl2^ G. Galster^^, K.K. Gan“', J. Gao^^b.ss^ Y. Gao^^ 

YS. Gao^^3.e^ pjyj Garay Walls^^, E Garberson^26^ G. Garefa'^^^ j p Garcia Navarro^^^^ 

M. Garcia-Sciveres^^, R.W. Gardner^^ N. Garelli'^3^ V. Garonne^^^, C. Gatti^^, A. Gaudiello^^^’^*^*’, 

G. Gaudio^^ia^ g Gaur^^i, E. Gauthier*^^ P Gauzzii32ad32b^ j L Gavrilenko^^ C. Gay^^^ G. Gaycken^', 
E.N. Gazis^o, P Ge^^d, z. Gecsei^s, C.N.P Gee^^i, D.A.A. Geerts'O’^ pp Geich-Gimbel^i, 

M.P Geisler^^®, C. Gemme^*^^, M.H. Genest^^, S. Gentile^^^^’^^^'’, M. George^^, S. George^^, 
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D. Gerbaudo^^^, A. Gershon^^^, H. Ghazlane^^^'’, B. Giacobbe^*’^*, S. Giagu^^^^’^^^'’, V. Giangiobbe^^, 

P. Giannetti^24a,i24b^ g Gibbard^^, S.M. Gibson’^ M. Gilchriesei^, T.P.S. Gillam^^ D. Gillberg^o, 

G. Gilles^"^, D.M. Gingrich^-^, N. Giokaris^ M.P Giordani'6^^’l^4^ p jy^ Giorgi20^ F.M. Giorgi*^ 

PF. Giraud^^^, P Giromini^’, D. Giugni^^^*, C. Giuliani^^, M. Giulini^^’’, B.K. Gjelsten^^^, 

S. Gkaitatzis^^^, F Gkialas^^^, E.L. Gkougkousis^'^, L.K. Gladilin^^, C. Glasman^^, J. Glatzer^®, 

PC.F. Glaysher^^ A. Glazov^^, M. Goblirsch-Kolbioi, J.R. Goddard^^ J. Godlewski^^, S. Goldfarb^^ 

T. Golling49, D. Golubkoyi^o, a. Gomes^26a,i26b,i26d^ g Gon9alo^26a^ 

J. Goncalves Pinto Firmino Da Costa*^^, L. Gonella^^, S. Gonzalez de la Hoz^^^, G. Gonzalez Parra^^, 

S. Gonzalez-Sevilla^^, L. Goossens^°, PA. Gorbounov^^, H.A. Gordon^^, I. Gorelov^°^, B. Gorini^*’, 

E. Gorini^^^*’^^'’, A. Gorisek^^, E. Gornicki^^, A.T. Goshaw^^, C. Gbssling^^, M.I. Gostkin^^, 

D. Goujdami^^^^^, A.G. Goussiou*^*, N. Govender'^^*’, H.M.X. Grabas^^^, E. Graber^^, 

I. Grabowska-Bold^^^*, P Grafstrbm^®^’^®’’, K-J. Grahn^^, J. Gramling"^^, E. Gramstad^^^, 

S. Grancagnolo^^, V. Grassi^^^, V. Gratchev^^^, H.M. Gray^*’, E. Graziani*^^^*, Z.D. Greenwood^^’", 

K. Gregersen^*, I.M. Gregor"^^, P Grenier^^^, J. Griffiths^, A.A. Grillo^^^, K. Grimm^^, S. Grinstein^^’°, 
Ph. Gris^^, J.-E. Grivaz^^’, J.P Grohs^^, A. Grohsjean^^, E. Gross^^^, J. Grosse-Knetter^^, G.C. Grossi^^, 
Z.J. Grout^'‘‘’, E. Guan^^b, j. Guentheri^^, F. Guescini^^, D. Guest^’^ O. Gueta^^^ E. Guido5°“’5°^ 

T. Guillemin'^^, S. Guindon^, U. Gul^^, C. Gumpert'^^, J. Guo^^®, S. Gupta^^*’, P Gutierrez^^^, 

N.G. Gutierrez Ortiz^^, C. Gutschow'*^, C. Guyot^^^, C. Gwenlan^^°, C.B. Gwilliam^^, A. Haas^^°, 

C. Haber^^, H.K. Hadavand*, N. Haddad^^^®, P Haefner^^, S. Hagebbck^^, Z. Hajduk^^, 

H. Hakobyan^^’, M. Haleem^^, J. Haley^^^, D. Hall^^*’, G. Halladjian^*’, G.D. Hallewell^^, 

K. Hamacher^^^, P Hamal^^^, K. Hamano^^^, M. Hamer^"*, A. Hamilton^^^^, S. Hamilton'^^ 

G.N. Hamity^^^*^, PG. Hamnett^^, E. Han^^'’, K. Hanagaki"^, K. Hanawa'^^, M. Hance^^, P Hanke^^^, 
R. Hanna^^^, J.B. Hansen^^, J.D. Hansen^®, M.C. Hansen^', PH. Hansen^^, K. Hara^^°, A.S. Hard^^^, 

T. Harenberg^^^, E Hariri^^^, S. Harkusha^^, R.D. Harrington^^, PE Harrison^™, E. Hartjes^*’^, 

M. Hasegawa^^, S. Hasegawa^°^, Y. Hasegawa^^®, A. Hasib^^^, S. Hassani^^^, S. Haug^’, R. Hauser^*’, 

E. Hauswald^^, M. Havranek^^^, C.M. Hawkes'*, R.J. Hawkings^*’, A.D. Hawkins^', T. Hayashi^^°, 

D. Hayden^°, C.P Hays^^°, J.M. Hays’^, H.S. Hayward^"*^, S.J. Haywood^^\ S.J. Head^^, T. Heck^^, 

V. Hedberg^^, E. Heelan^, S. Heim^^^, T. Heim^^^, B. Heinemann^^, E. Heinrich^^*’, J. Hejbal^^^, 

E. Helary^^, S. Hellman^^^^’^^^’’, D. Hellmich^\ C. Helsens^°, J. Henderson^^°, R.C.W. Henderson’^, 

Y. Heng^^^, C. Hengler^^, A. Henrichs^^^, A.M. Henriques Correia^*’, S. Henrot-Versille^'^, 

G.H. Herbert^^, Y. Hernandez Jimenez'^^, R. Herrberg-Schubert'^, G. Herten^^, R. Hertenberger^*’^, 

E. Hervas^*^, G.G. Hesketh^^, N.P Hessey^*^^, J.W. Hetherly^*’, R. Hickling^^, E. Higon-Rodriguez^^’, 

E. Hill^^^, J.C. Hill^^, K.H. Hiller^^, S.J. Hillier^^, I. Hinchliffe^^, E. Hines^^^, R.R. Hinman^^, 
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R. KeelerR. Kehoe^*’, J.S. Keller^^, J.J. Kempster^^, H. Keoshkerian^^, O. Kepka^^^, 

B. P Kersevan^^, S. Kersten^^^, R.A. Keyes^^, E Khalil-zada^^, H. Khandanyan^^^^’^^^’’, A. Khanov^^^, 
A.G. Kharlamov^®^’^, T.J. Khoo^^, V. Khovanskiy^^, E. Khramov^^, J. Khuhua^^’’’^ H.Y Kim*, 

H. Kim'4^^’^4^'’, S.H. Kim^'^^, Y Kim*\ N. Kimura^^^^, O.M. Kind^^ B.T. King^^, M. King^^^ 
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